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EXTENSION OF THE RING OXYGEN HELICITY RULE TO THE PHENYL-

AND PHENYL-1-THIO-GLY¥COSIDES.
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Circular Dichroism (CD} of the phenyl- and phenyl-l-thio- g(or @ ) ~-D-glycosides were
studied. The sign and the rotational strength of Band C, the shortest and the strongest band
between 180~-210 mm, were associated with the ancmeric configuration and conformation in the
same manner as the G-»3* band of the ring oxygen in the l-alkyl- and l-alkyl-thio-glycosides.
This result suggested that the ring oxygen helicity rule could be extended to the phenyl- and
phenyl-1-thio—-glycosides.

Previously Meguro and Chtaki proposed the ring oxygen helicity rule (Fig.)l) and the
glycosidic heteroatom helicity rule’’ as an extension of the isorotation rule by Hudsond) Tre
former was successfully applied to the alkyl- and alkyl-thio-glycosides. There the S-=d&* band
of the ring heteroatom (Band €)%’ might be the main CD band in governing the optical rotaticn
at 589 nm, and the sign and the rotational strength could be deduced from the anomeric
configuration and conformation. This rule can be used for the anomeric confiqurational and
conformational analysis. while in the glycosidic hetercatom helicity rule the sign and the
rotational strength due to the ne»6* transition of the glycosidic sulfur of the alkyl-l1-thio-
glycosides can be determined by the relative geometry of the two adjacent chromophores, one is
ring oxygen and the other is —CH group at C-2. This rule can be used for the configurational
or conformational analysis at C-2.

Hudscn's isorotation rule, which has been useful in the alkyl-glycosides, is known to
have some exceptions in aromatic glycosides. In the aromatic glycosides the CD maxima at 200 ~
300 nm have been extensively studied and the signs seemed to be associated with the anameric
configurations and syn or anti confonnations?) However they also have some exceptions and
their rotaticnal strengths seem to be not so large to govern all the optical rotations. In
this study the band at the shorter wavelength region (180210 nm) (Band ) was discussed in
the phenyl-1-thio-¢ (ors)-D-glycopyranosides (I)~(VII)’) and the phenyl-p{or «)-D-
yglycopyranosides (VIII)"\;(XI)§) The wodel coapounds are designed to have all the possible
relative gearetries between the glycosidic chromophore {-s—@) and the two adjacent
chromophores (—OH at C-2 and ring —0-) (Fig.). The signs and [©] of Bands (named A, B and C
according to the order of the wavelengths) are shown in Table together with their UV data.

The thiophenyl-glycosides (I) ~ (VII}) gave the (D maxima at 278282 nm and phenyl-
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Fig. 0 0 ¥= -O-alkyl alkyl-D-pyranosides
Y % Y= -S-alkyl alkyl-l-thio-D-pyranosides
Y= rhenyl-C-pyranosides

)
Y= phenyl-1-thio-D-pyrancsides

(I) phenyl-1-thi1o-&-D-glucopyranoside
(IT})  phenyl-1-thio-a-D-mannopyranoside
(III) phenyl-1-thio-a-P-galactopyrancside
(I} phenyl-1-thio-§-D-glucopyranoside
(V) phenyl-1-thio— {-D-mannopyranoside
(VI)  phenyl-1-thio-¢-D-galactopyranoside

2 : pirection of glycosidic bond (VII) phenyl—l—thio—!—g—xylopyranoside
8 : Direction of permanent dipole Y= —O-@

moment of the ring heteroatom (VIII) phenyl-e-D-glucopyranoside
¢ : Dihedral angle between B and 5 (1) phenyl-¢-D-galactopyranoside

(X} phenyl—¢-D-glucopyranoside
(XI)  phenyl-¢~D-galactopyranoside
glycosides (VIII)~ (XI) gave a series of small CD maxima at 260, 270 and 274 nm (Rand A). Band
A were regarded as the peaks due to the o¢ bands or n+»* transitions of the thicphenyl- and
O-pheny] chramophores c—o@). In the phenyl—glycosides (VIII)~(XI) the maxima of Band A
coincided with those of a series of small UV maxima at around 267 nm,

Similarly thiophenyl-=glycosides (I)~ (VII) and phenyl-glycosides (VIII)~.(XI) gave medium
(D maxima at 244~249 nm and at 216 nm respectively (Band B}. These barnds were regarded as the
p bands of —S@ and —0@ The maximal wavelengths of Band B coincided with those of UV
maxima at 244~249 nm in the thiophenyl—glycosides and at 210~211 nm in the phenyl-glycosides.

The thiophenyl-glycogides (I) A (VII) and the phenyl-glycosides (VIII)A~(XI) gave very
large CD maxima at 198~-208 rm and at 180 nm respectively (Band C). In the phenyl-glycosides
Band C were calculated frem ORD in the same method as the previous report'“ which gave the CD
maxima at 180 nm. It should be added that Band C in the thiophenyl-glycosides were first
directly measured using the accumilation technique on a CD apparatus and [eB] and the CD
maxima were well accorded with the values calculated from ORD. It shows that the calculations
are valid in the thiophenyl-glycosides and probably they should be valid in the phenyl-
glycosides.

The relations between CD bands and the structures are summarized as follows.
I. (1) Band A gave the smallest peaks and the signs were associated with the anomeric
configurations. Thus g« anpmers gave positive signs and ¢ ancmers gave negative signs. [eA}
values were almost same in o and g anamers of glucoside, galactoside and mamnoside.

Ring Oxygen Helicity Rule
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Table Chiroptical data of phényl-1-thio- 8 (or o) -D-glycopyranosides (I)~ (VII) and
phenyl-§ (or a)—_g_—glycopyranosides (VIII) ~(IX) .

2Anom., Band A Band B Band C v
Camp. [Con=- [a__ ISign | [8,1 |ap.. [Signy [8,] A, ISian 9.1 [, | (& [6,1/1M1,
£ | () x 1073 (nm) x 1072 | (nm) x 1073 tom [x 1073 x 1073
I « {280 + 2.31 | 245 - 1.73 [198 + 90.0 {249 .97} 0.30
II X 2138+ 1.71 | 244 -~  4.03 199 + 39.2 | 247 6.62| 0.35
1II ® 281+ 2.11| 245 -~  0.42 199 + 111 |z248 7.62 ] 0.30
v 8 282 - 1.76 | 248 +  8.33 [208.5 - 24.1 |248.5 7.28| 0.38
v 6 [|278.5 - 1.89 | 246 +  7.54 |208.5 - 60.2 |247.5 7.79| 0.57
@ los1 - 1.76 ] 249 +  7.19 {208 - 25.5 | 249  7.02 | 1.09
vII b 282 - 1.63| 248 + 6,52 (208 =~ 21.9 249 6.67] 0.28
274 + 1.76 267 0,94
vizz | o 267 + 2.08{ 216 + 14,1 |180 + 75.5 | 216° 0.42
260  + 1.49 210 7.22
274+ 1.81 267 __ 0.97
X x |27 + 2,44 216 + 15.2 |180 4+ 81.8 | 216.5 0.38
260+ 1,54 211 7.13
274 - 2.07 267 0.97
X g |267 - 2.43) 216 -  9.51 [leo - 18.1 | 216° 0.29
261 - 1.62 211 6.97
274 - 3. 24 267 0.88
X1 @ |[267 - 2.83| 216 - 10.6 [180 - 11.7 | 217 0.27
260 - 1.92 211 6.40

Solvent : Ethanol. CD measurements : On a DICHROGRAPH Mark IIT-J, 1 mm cell, about 0.3
mg,/ml. UV measurement : On a HITACHF Model 200-100 Spectrophotometer, 1 om cell,
about 6.0 x 107> mag/ml. {M]D measurement : On a Jasoo ORD/UV-5, 1 cm cell, about 3.0
my/ml. s: shoulder.

(2) Band B gave medium peaks. In the thiophenyl-glycosides ¢ anomers gave negative signs
and § anomers gave positive signs. On the contrary « anomers gave positive signs and ¢ anomers
gave negative signs in the phenyl-glycosides. The signs and [eB] of Band B seem to be difficult
to be associated with the configurations and conformations at C-1 and C-2. It shows that the
glycosidic hetercatom helicity rule could not be extended to the phenyl- and thiophenyl-
glycosides.

II. In Band C the results are sumarized as follows.
(1) Band C were the strongest bands in the three bands.
(2) The cbserved [eC] were almost identical with the calcd. values from CRD.
(3) The signs were associated with the anomeric configurations (k-positiwve, e—negative] .
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(4) [ecl of ¢ anamers {axial oconfic.) were about 1.5a7 times as large as those of # anomers
(equatorial config.).

(5) The ratio of [e ]/[M] were 0.27~0.57 x l()3 [except for compound (VI)) They were
almost in the same orders as those of the alkyl- and a]kyl—ttuo—glycosmes The large
deviation in the compounds (V) and (VI) might be the effects of Band A and Band B.

The above results well accorded with those of Band C (160~180 nm), 6-»6* bands of the
ring oxygens, in alkyl- or ancyl—thio—glycosidesl). It strongly suggests that Band C at 198~
208 rm in thiophenyl-glycosides and at 180 nm in phenyl-glycosides might be the bands of the
same origin. The redshift could be explained by the effect of the anomeric phenyl- or
thiophenyl-groups. Under thie above assumption the ring oxygen helicity rule is suggested to be
extended to the phenyl--4nd phenyl-1-thio-glycosides or probably to the other aramatic
glycosides.
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